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Outline
• Phenomenological View of Dust 

• Impact on red galaxy photo-zs 

• SDSS, DES, and the Future



DESC Photometric Calibration
• New Large Synoptic Survey Telescope Dark 

Energy Survey Collaboration Photometric 
Calibrations Working Group 
• LSST DESC PC WG 

• Co-Conveners: Myself & Nicolas Regnault 
• Minimize systematic errors from PC 

residuals 
• Instrumental throughput 
• Atmospheric transmission 
• Galactic dust 

• Work with LSST DM



DESC Photometric Calibration
• If you are a DESC member, please 

subscribe to 
LSST-DESC-CALIB@slac.stanford.edu 

• First telecon: This Thursday (Dec. 17) at 
8am PST 

• Please join us!

mailto:LSST-DESC-CALIB@slac.stanford.edu?subject=


Practical Dust
• 100μm dust emission map from SFD98 
• Dust absorption law from O’Donnell 94 or 

F99 
• SFD98 on fine (5’) scales gives total amount 

of dust; dust law gives color  
variations

72 FITZPATRICK

1999 PASP, 111:63–75

Fig. 7.—Examples of the R-dependent far-IR through UV extinction curves derived in this paper (thick solid and dashed curves). The corresponding values of
R are listed on the right-hand side of the figure beside the curves. For comparison, the results of CCM for the same four values of R are shown.

TABLE 5
Comparison of Model IR Color Excesses with Observations

Sight Line
(1)

E(B!V)
(mag)
(2)

E(V!J)
(mag)
(3)

E(V!H)
(mag)
(4)

E(V!K)
(mag)
(5)

E(V!L)
(mag)
(6)

R
(7)

HD 210121: Observed 0.38 0.64 0.71 0.73 0.78 )
HD 210121: Model ) 0.61 0.70 0.75 0.79 2.22! 0.14
HD 21483: Observed 0.55 1.07 1.22 1.32 1.40 )
HD 21483: Model ) 1.08 1.23 1.31 1.39 2.69! 0.11
HD 167771: Observed 0.44 0.96 1.14 1.23 1.25 )
HD 167771: Model ) 0.98 1.13 1.20 1.27 3.10! 0.16
HD 147889: Observed 1.09 2.98 3.52 3.90 4.11 )
HD 147889: Model ) 3.11 3.58 3.81 4.04 3.92! 0.17
HD 37061: Observed 0.54 1.74 2.05 2.21 2.34 )
HD 37061: Model ) 1.78 2.06 2.19 2.32 4.57! 0.18
HD 38087: Observed 0.33 1.10 1.45 1.58 1.53 )
HD 38087: Model ) 1.21 1.40 1.49 1.57 5.08! 0.58
HD 36982: Observed 0.34 1.38 1.61 1.85 ) )
HD 36982: Model ) 1.43 1.66 1.76 ) 5.83! 0.57

Note.—Observed color excesses are derived using the intrinsic colors from Wegner (1994).
Model color excesses are computed via synthetic photometry of artificially reddened stellar energy
distributions using the IR extinction law derived in the Appendix and assuming the E(B!V) values
from col. (2) and the R values from col. (7). The stated values of R yield the best fits to the
observed IR color excesses and the uncertainties are based on the assumptions andj " 0.02E(B!V)

. Kurucz ATLAS9 models with appropriate values of Teff were used to represent thej " 0.05E(V!l)

intrinsic stellar energy distributions.

E(B!V . Synthetic photometry is performed to yield) " 0.5
measurements in the broadband Johnson UBVRIJHKLM sys-
tem and the intermediate-band Strömgren uvby system. The
first step is to determine the curve shape for the mean R "

case and then to define the nature of the variation with R.3.1
The first two columns of Table 2 list the photometric extinction
ratios (in both the Johnson and Strömgren systems) and their

observed values, which the extinction curve is requiredR " 3.1
to reproduce. References to the observations are given in col-
umn (3). In addition, the curve is constrained to reproduce the
mean narrowband measurements in the 3400–7900 Å region
published by Bastiaansen (1992), which are assumed to rep-
resent the monochromatic values of the extinction for the case

at the filter central wavelengths.R " 3.1
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FIG. 8.ÈFull-sky dust map for the NGP (top) and SGP (bottom)Schlegel, Finkbeiner, & Davis ‘98 Fitzpatrick 99



Practical Dust II
• How do you go from 100μm dust emission 

to dust absorption? 
• Use red galaxies 
• B-R Colors (172 galaxies) and Mg2 to B-V 

(389 galaxies)  
• Determine single constant
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measure the dust, and no corrections need be made for
optically thick H I emission, for ionization, or for the forma-
tion of molecular hydrogen. Furthermore, the DIRBE/
IRAS maps are of uniform quality over the full sky, whereas
the BH maps exclude all regions at o b o \ 10¡ (17.4% of the
sky), as well as a region of 1080 deg2 (2.6% of the sky)
lacking 21 cm data. This latter region is near the south
Galactic pole, approximately bounded by [135¡ \ l \ 21¡
and b \ [62¡.

We limit the discussion of tests of our reddening map to
two extragalactic reddening measurements. These tests
provide conÐrmation that our dust maps are indeed suit-
able estimates of reddening, as good as or better than those
of BH. These tests also normalize the amplitude of
reddening (in magnitudes) per unit of 100 km Ñux (in MJy
sr~1). Our reddening estimates can be written simply as

E(B[V )\ pDT \ pI
corr

X , (22)

where we seek the calibration coefficient p. DT represents
the point sourceÈsubtracted IRAS-resolution 100 km map,
corrected to a reference temperature of 18.2 K using the
DIRBE temperature map (eq. [20]).

The reddening of external galaxies allows a straightfor-
ward calibration of our maps. For example, consider the
sample of brightest cluster ellipticals of & LauerPostman

for which B[R colors are provided for 106 gal-(1995),
axies. These objects are at modest redshift (z\ 0.05) and are
well distributed over the sky. We use the k-corrected colors
provided and apply our dust maps to estimate the
reddening toward each galaxy, assuming E(B[R) \
1.64E(B[V ) for normal grains with (seeR

V
\ 3.1 Appendix

For a good normalization of the dust map, one expectsB).
no correlation between intrinsic B[R for the galaxies and
E(B[V ). Because the distribution of the intrinsic B[R of
the BCG galaxies is not Gaussian, it is best to use a non-
parametric statistical procedure to test the correlation. We
measured the Spearman rank correlation coefficient
between extinction-corrected B[R and E(B[V ). For cali-
bration constants p \ 0.0118 or p [ 0.0196, the chances
that a random distribution would have a correlation as
large as observed is less than 5%. Thus, our 95% conÐdence
limits for the normalization of the maps is
p \ 0.016^ 0.004. As conÐrmation of the procedure, we
applied the same statistic to these galaxies using the BH
reddening estimates :

E(B[V ) \ qEBH . (23)

EBH represents the BH reddening in B[V , limiting the
analysis to the 99 galaxies with BH estimates. For a scaling
factor in the range 0.66 \ q \ 1.05, the BH reddening
applied to the BCG galaxies leaves no signiÐcant corre-
lation between intrinsic B[R and foreground reddening,
indicating that the BH normalization (q \ 1) is acceptable.

A sharper test of the reddening calibration is made pos-
sible by using an auxiliary correlate to reduce the variance
of the intrinsic color distribution. For example, the Mg

2index described by et al. is expected to correl-Faber (1989)
ate closely with the intrinsic B[V color for elliptical gal-
axies. For both increased metallicity and increased stellar
population age, the line strength increases, and the colors
become redder. Use of the index is ideal, since it isMg

2available for large samples and is not a†ected by reddening.
We use the sample of 472 elliptical galaxies presented by
Faber et al., which has very broad sky coverage, including
many galaxies in rather dusty directions. Of this sample,

389 galaxies have photoelectric colors in π30A apertures,
measurements, and estimates of BH reddening.Mg

2
-index

Five of these galaxies are reported by D. Burstein (1997,
private communication) to have suspect photometry and
have been removed from our list (NGC 83, NGC 545, NGC
708, NGC 1603, and NGC 7617). The B[V colors are
listed in this catalog as being k-corrected and reddening-
corrected in a manner that deviates slightly from BH
reddenings given in the published full-sky BH map. In one
region of the sky (230¡ \ l \ 310¡, [20¡ \ b \ ]15¡) it
was determined that the BH map is not reliable, and
reddenings were assigned based upon deviations in the Mg-
color relation et al. We have added the(Burstein 1987).
tabulated reddening corrections back to the colors to
obtain the raw (only k-corrected) colors before proceeding
with our analyses. We should note that the unreliable
region lacks a dust-to-gas ratio estimate in the BH map
construction.

Dave Burstein kindly sent us an updated version of the
Faber et al. Table 1, in which the estimates have beenMg

2improved. For these objects we compute a linear regression
of reddening-corrected B[V against with residualsMg

2d(B[V ). We compute the Spearman rank correlation coef-
Ðcient of d(B[V ) versus the reddening estimate, again
arguing that a good dust map will have no residual corre-
lation. For the BH reddenings, as listed by et al.Faber

or for the published BH reddening estimates, there is(1989),
no signiÐcant residual correlation between d(B[V ) and the
reddening estimate. Our formal normalization of the BH
map is q \ 0.90^ 0.09, with the standard deviation in
d(B[V ) reduced from 0.048 to 0.031 mag.

Applying the same procedure to the DIRBE/IRAS maps,
we Ðnd a 95% conÐdence range p \ 0.0184^ 0.0014 for the
calibration constant. For p values in this range, the stan-
dard deviation of d(B[V ) is reduced to 0.028 mag. A plot of
B[V residuals from the Mg-color relation versus
reddening is shown in using both BH and DIRBE/Figure 6,
IRAS reddening estimates. A di†erent symbol type is used
for galaxies in the north (d [[23¡ ; squares) versus the
south (d \[23¡ ; crosses), as the BH maps do not utilize
dust-to-gas ratio information for the southern points. Gal-
axies with no BH map values were not used in the Ðts, but
are shown in the lower panel (asterisks). A slight trend in the

FIG. 6.ÈResiduals from the B[V vs. regression, plotted againstMg
2foreground reddening, for (a) the BH maps and (b) the DIRBE/IRAS maps.

Pluses represent galaxies at southern declinations where the BH maps lack
dust-to-gas ratio information, and asterisks are those lacking any BH
values.

SFD98



Or Can Use Stars…
• Green, Schlafly, Finkbeiner et al. use 

spectroscopic stars to make 3D dust map 
• Assume constant, uniform reddening law 

• What’s going on there at low reddening?
15

Fig. 12.— A comparison of our PS1-based reddening to 5 kpc (denoted by “GSF”) with SFD, the Planck ⌧353GHz-based reddening, and
the Planck radiance-based map (denoted by R). The left panels map the residuals (between each map and the median integrated reddening
in our map) on a square-root stretch. The panels on the right show the histogram of the residuals (between each emission-based map
and posterior samples from our map) as a function of E(B�V ). In the upper right panel, we put the ⌧353GHz-based reddening estimate,
in magnitudes, along the x-axis, since its errors should be largely uncorrelated with the errors in the PS1 and SFD reddening estimates.
In the bottom two panels on the right, we use the SFD reddening estimate, in units of magnitudes, as our proxy for reddening, likewise
because its errors should be uncorrelated with those of the quantities along the y-axis. An inset in the top-right panel shows the regions
that are masked in this analysis. The detailed behavior of the residuals, particularly at large reddenings, depends on which regions are
masked, indicating that there are systematic di↵erences in the residuals between our reddening map and emission-based map in di↵erent
regions of the sky.

The exact behavior of the residuals depends on which
regions of the sky are masked in the analysis, indicat-
ing that there are spatially-dependent systematic di↵er-
ences in the residuals between our reddening map and
emission-based maps. However, the essential features
remain the same, with di↵erent slopes in the residuals
below and above E(B�V ) ⇡ 0.15mag, and our map fa-
voring lower reddening below E(B�V ) ⇡ 0.05mag.

5.2. Marshall et al. (2006)

Marshall et al. (2006) developed a method to determine
the reddening-distance relation along individual lines of
sight by comparing 2MASS J�Ks stellar colors to those
of simulated catalogs based on the Besançon model of the
Galaxy (Robin et al. 2003). Marshall et al. (2006) then
applied this method to a regular grid of sightlines sepa-
rated, by 150 covering the region |`| < 100�, |b| < 10�.
The result is a 3D map of reddening in the inner Galaxy,
extending to a maximum extinction of ⇠ 1.4� 3.75mag
in the 2MASS Ks band (equivalent to ⇠ 4.5� 12mag in
E(B�V )), and a maximum distance of ⇠ 7 kpc. Because
Marshall et al. (2006) use only giants in their analysis,
the dust map they produce has little information in the
nearest kiloparsec. We will refer to this map as the “Mar-
shall map.”
Our dust map overlaps with the Marshall map in

the approximate region 0� < ` < 100�, |b| < 10�.

Fig. 13 shows the cumulative reddening at increasing
distances in both the Marshall map and our 3D dust
map. When converting from extinction to reddening,
we assume AKs = 0.320 ⇥ E(B�V ), as calculated by
Yuan et al. (2013) for a 7000 K source spectrum at
E(B�V ) = 0.4mag, using the Cardelli et al. (1989) red-
dening law and assuming RV = 3.1. We mask our map
beyond our predicted maximum reliable distance, as de-
termined in §4.2. In the large-distance limit, our maps
show good qualitative agreement outside of the masked
areas. Fig. 14 shows the di↵erential reddening in the two
maps in bins of increasing distance.
In the nearest two to three kiloparsecs, our map shows

clearly di↵erentiated structures at discrete distances that
are spread over several distance bins in the Marshall dust
map. For example, the Cygnus rift (located at ` ⇠ 80�,
b ⇠ 0�) appears clearly in our map in the distance bin
spanning 0.5 � 1 kpc, while in the Marshall map, it is
spread over all the distance bins closer than ⇠ 3 kpc,
and is therefore not cleanly separated from superimposed
dust structures at greater distances. The greater distance
resolution of our map at nearby distances is most likely
due to the fact that we use both main-sequence stars and
giants, while Marshall et al. (2006) relies solely on giants,
which are saturated nearby and form a larger fraction of
the observable stellar population at greater distances.
In addition to better distance resolution in the first

Green+15 (see poster)



Or Red Galaxies
• PG10 use spectroscopic red galaxies in 

SDSS to get corrections to SFD98 map 
• Assume constant, uniform reddening law 

• Deviations 
typically  
<3mmag, up to 
45 mmag
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Figure 6. Our final extinction correction map. We show both our extinction correction and our significance contours. Galactic longitude and latitude are overlaid, with
Galactic zenith at the middle of the map and Galactic center off the right side of the map. Note that the sign of this map is such that it portrays the residual errors in
the SFD98 map, or that which must be subtracted to improve the SFD98 map.
(A color version of this figure is available in the online journal.)
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Figure 7. Temperature map of SDSS DR7 contiguous area, generated by finding the temperature value in the DIRBE map toward each of our galaxies and then
applying the same method as used for our reddening correction map to facilitate comparison. Red represents cooler areas. Note the similarity to Figure 6, in regions
away from Galactic center (left side of the map).
(A color version of this figure is available in the online journal.)

using the SFD98 temperature map, as derived from the DIRBE
instrument data. We then take these values and apply the iden-
tical map construction algorithm described in Section 4.1. This
map is shown in Figure 7. We note that this map, with red rep-
resenting cooler dust, is very similar map shown in Figure 6,
with features reproduced down to the resolution scale. This
correlation implies that the SFD98 map underpredicts red-
dening in regions of low dust temperature. In the context of
Equation (1), X (R) is too small for regions of relatively low
R. We note that this similarity does not persist throughout the

entire map, diverging most prominently toward Galactic center.
Perhaps this divergence indicates that the X (R) function used
is more appropriate for that area of sky than toward other areas.
It is also possible that the superposition of grains of different
temperatures (see Figure 2 of SFD98) or varying grain mor-
phology or composition could be the culprit. The correlation
between our residual map and the DIRBE temperature map is
also strong evidence for the claim that we are indeed measuring
errors in the reddening map, rather than an unrelated systematic
error.

Peek & Graves 10



But…
• See Doug Funkbeiner’s talk from Monday 

• Star constraints are noisy 
• Also dependent on quality of calibration 

• Far IR emission constraints have large-scale 
structure leakage (ouch) 
• Also dependent on (independent) 

calibration 

• What about varying dust law (see Schlafly 
poster; also Nataf et al. 2015)



Impact on LSST
• How much area would we lose? 

• Can we just throw out half the LSST 
footprint 
• Maybe?  

• “Yahata problem” 
• Does smoothing  

the map help? 
• Note that LSST  

(& DES) footprint  
w/o wealth of 
spectra as in North

LSST Area
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Looking at Galaxies
• Watch out: galaxies are not stars
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Integrating the Spectrum
• Impact on red galaxy photo-z (e.g. 

redMaGic from Rozo, Rykoff+15)
Fixed Reddening
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Wrong Reddening Law?
• What if we have the wrong reddening law? 

• DES griz magnitudes
O94 & F99
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Wrong RV?
• What if RV=2.8, assume it’s 3.1? 

• DES griz magnitudes
RV = 2.8
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Wrong RV?
• What if RV=3.4, assume it’s 3.1? 

• DES griz magnitudes
RV = 3.4
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The Stellar Locus
• Stars are noisy…but maybe still useful? 
• Stars are behind dust 
• Pixelize the sky (14’  

resolution) and track  
color shifts — mix  
of calib. and reddening  
errors

0.0 0.5 1.0 1.5 2.0
r-i

0.0

0.5

1.0

1.5

2.0

g
-r

-0.2 0.0 0.2 0.4 0.6 0.8

i-z

0.0

0.5

1.0

1.5

2.0

r-
i

-0.2 -0.1 0.0 0.1 0.2 0.3

z-Y

-0.2

0.0

0.2

0.4

0.6

0.8

i-
z

SLR methods 
from Kelly+14



The Stellar Locus
• Could be issues with metallicity (but  

Yuan+15 claims few 
mmag after correction) 
• I have not performed 

any metallicity 
corrections yet…
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Betoule+13
• Betoule recalibration of MegaCam & S82 

• See also talk by David Burke
Betoule+13 dereddened i-z
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Betoule+13
• Spatially correlated photo-z residuals

Predicted Bias at z= 0.8
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Back to SDSS
• The reddening from SFD98…

DR8 SLR dereddened E(B-V)
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Back to SDSS
• …Looks like the star color shift (DR8)

DR8 SLR raw g-r
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Back to SDSS
• But significant residuals remain.

DR8 SLR dereddened g-r
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And DES
• See Steve Kent’s poster 
• Stars imply reddening law at RA~-50 is 

different FGCM (v3_y) (SPT) dereddened g-r
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What About Galaxies?
• Can we use (red) galaxies to trace the 

reddening? 
• Use redMaGiC galaxies (Rozo, Rykoff+15) 
• Look at color shifts as a function of 

reddening (SFD98 for now, but…could be 
problematic) 

• Degeneracy in color-magnitude space 
between total reddening and color shift 

• How does this compare to the stars?



Stars & Galaxies
• Bin red galaxy color shift (requires spectra!) 

according to SFD98 emission map 
• Bin stellar locus shift

galaxies
stars

galaxies
stars

SFD98
S11

SFD98
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SDSS North

zredmagic offset



Stars & Galaxies

galaxies
stars

galaxies
stars

SFD98
S11

SFD98
S11

g-r i-z

SDSS South

• Bin red galaxy color shift (requires spectra!) 
according to SFD98 emission map 

• Bin stellar locus shift



Summary
• Getting the reddening wrong (overall law, or 

even RV) has significant impact on red 
galaxy photo-z estimation 

• Can use stars… 
• But in SDSS, looks a bit different than 

galaxies 
• Could just throw out half the footprint 

• Still would prefer if stars & galaxies agree 



Extra Slides



redMaGiC Colors
• Biases correlated with SFD98 E(B-V)

g-r offset r-i offset

i-z offset zredmagic offset



DES Y1A1
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DES Y1A1

FGCM (v3_y) (SPT) raw g-r
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